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ABSTRACT 


This  report  Bumoarlses  the  votk.  perfonaed  xmdar  the  «Ball»- 
billty  Researoh**  and  "Coding  Clrcuitr7"  itess  of  the  ooctraot 
during  the  period  from  Magr  I6j  1953  through  August  15»  19^3* 
These  iteas  are  prisarily  oogaoemed  vith  iiqproving  the  reli*» 
bilitgr  of  a speoifio  future  IFF  a78tem« 

Progress  made  in  the  iirplemeiitatioo  of  a aock-up  of  the 
trananieelon  links  of  the  IFF  SgTStea  Is  deecsribed*  This  inclndes 
diecussioQs  of  a pulso-trala  eorrelstor,  an  c^ixoun  irf  fixter« 
azid  other  associated  apparatus*  Considsratiaa  is  glren  to 
probleas  associated  with  the  use  of  pulse-train  oorrelactoxv  at 
the  alxplane.  QuantltatlTe  results  are  glTen  on  the  beginxdng 
of  a series  of  anaijrses  being  made  to  study  the  perforxnanoe  of 
pulse^ain  correlaticn  syetens  in  the  presence  of  Oaussisn 
noise*  Treatjoent  is  glrsn  to  further  speculations  on  the  use 
of  noise  for  the  challenge  and  repV  signals*  The  use  of  aar- 
ginal-checking  procedures  in  the  eraluation  of  the  reliabili^ 
of  a transistorised  flip-fix^  cirouitf  snd  nee  derelopnentB  in 
the  ST^ipcrting  transistor-testing  program  are  discussed* 
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a«  Pcrsoimel  and  Adiainistratlon 


1«  Hartin  W«  £a8igmam>  Cooirdlxiator  (two-flTthfi  tiim  Item  II,  one>flftii 
tljQs  Item  m,  engineer) 

2*  Sse-Hou  Chang  (half  time  Item  U,  engineer) 

?•  George  £•  Pihl  (one-fifth  time  Item  II,  one-tenth  time  Item  III, 
engineer,  to  June  12,  19>3) 

k»  John  S.  Roehefort,  liaison  man  (full  tins  Item  H,  engineer,  from 
May  16,  19^3) 

Harold  L«  Htiibbs  (half  time  Item  H,  mathematioian) 

Valter  H.  Lob  (full  time  It«a  H,  pfaysielat) 

7*  Ihomae  P«  Cheatham,  Jr«  (one-fourth  time  Item  II,  engineer) 

S«  Louie  J.  Kardone  (full  time  Item  m,  engineer) 

9*  i^rrca  L*  Borandok  (one-fourth  time  Item  n,  engineer,  to  Jxoie  1,  19^3) 
10*  Jacob  Viren  (half  time  Item  U,  engineer) 

11*  Anthony  Briana  (full  time  Item  H,  engineer) 

12«  John  J«  IQein  (half  time  Item  m,  engineer,  from  June  1^,  19^3  through 
July  17,  19^3}  and  from  August  3>  19^3) 

13«  Thomas  J«  Vhite  (fxiU  time  Item  H,  cooperative  student  assistant, 

through  Jvac  19,  1953|  full  time  Item  II,  engineer,  from  June  22,  1953) 
lli*  Valter  F*  Codded  (tw^fifths  time  Item  II,  one-fifth  time  Item  III, 
technician) 

l5«  Mazy  !)•  Rec^lds  (tvo-fiftbs  time  Item  II,  one<r>fifth  time  Item  HI, 
secretuy) 

16«  Laurence  J«  OtConnor  (full  time  Item  II,  cooperative  student  assistant, 
through  July  31,  1953|  part-time  student  assistant  Item  III  from 
August  10,  1953) 

17*  Charles  U.  EiKwles  (part-time  student  assistant  Item  IH  through 

July  17,  1953)  full  time  Item  III,  cooperative  student  assistant,  from 
July  20,  1953) 

Ifi*  Robert  H«  Larson  (part-time  student  assistant  Item  III  throtigh  July  17, 
19531  full  time  I-^rn  II,  cooperative  student  assistant,  from  August  3, 
1953) 

George  S.  Pihl  resigned  from  his  position  as  an  Associate  Professor  of 
Electrical  Engineering  at  the  Universily,  effective  June  12,  1953,  to  undertake 
eimlcvinBixt  In  Industay-  He  had  fl«*ved  ccsat-imiously  on  a half-time  basis  vith 
the  research  grovp  assigned  to  work  xouter  this  contract  since  its  be{^iming* 

Tbmoas  J*  Vhite,  a cooperative  student  assistant  on  work  under  tMa  contract 
until  his  pwduatiou  in  June,  was  pointed  a Reseaz*oh  Assistant  effective  as  of 
June  22,  1^^* 

Hsrtin  V.  Sssigmann  was  promoted  from  Associate  Professor  of  Electrical 
Engineering  to  Professor  of  Hesearch  in  Coiafijulcaticss,  eff active  July  1,  15^3, 

Walter  H«  Lvb  was  promoted  from  Research  Associate  to  Assistant  Professor 
of  Research  in  Ccagnanicatlons , effective  July  1,  1953* 
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CoB38unioationg 

1«  Correspondenoe 

Listings  of  all  non-«3q>eDdable  propertjjr  received  for  use  under  this  contract 
have  been  sent  to  the  Reseex^h  Aocounts^le  Property  Officer  under  the  dates  of 
May  30,  1^53,  June  30,  1953  and  July  31,  1953*  A consolidated  listing  of  sll 
each  property  was  subnitted  on  June  9,  1953,  efter  a corplete  inventory 
taken* 

2*  Conferences 

Jux3)9  2,  1953*  Visit  received  from  R.  W.  Wagner,  the  project  engineer  for 
Item  III,  of  AFCRC*  Work  uzkder  Item  III  as  reported  in  Quarterly  Progress 
Report  No*  6 vas  discussed* 

Jtc39  10,  1953*  C^erenoe  at  Northeastern  University  among  R*  Wagner, 

C*  Ryan,  and  E.  Bradbury  of  AFCRC,  and  the  staff  at  Northeastern  ooncezvied  with 
work  under  Item  HI*  The  purpose  of  this  conference  was  to  discuss  propoi^ 
work  directsd  toward  (1)  the  evaltiation  and  expansion  in  scope  of  the  present 
transistor^testing  procedures,  and  (2)  the  quantitative  detemixuition  of  tbs 
reliability  of  a traxiaistorised  storage  cell  of  a different  type  than  that  pre« 
viously  studied* 

June  25,  1953*  Confersnoe  at  Northeastern  University  among  E*  Samson,  C*  Hobbs, 
and  W*  Bishop  of  AFCRC,  and  the  staff  at  Northeastern  concerned  with  work  imder 
Item  II*,  The  purix>8e  of  this  conference  was  to  inform  the  Northeastern  staff  of 
new  o|>eratianaI  specifications  for  the  IFF  coding  procedure,  and  to  dleouss  the  work 
reported  in  Quarterly  Progrees  Report  No*  6*  Speoial  consideration  was  given  to  the 
new  approach  to  the  ground-to-air  Jamsing  problem  as  described  in  that  report* 

June  26,  1953*  Visit  reosived  B,  Bodanbeimer,  2nd  Lt*  USAF  of  tbs 
USAF  Auditor  QeneraX's  Office*  Lt*  Bodenheimer  made  a spot  check  of  the  aooount- 
able  property  at  Nortbeastem,  and  reviewed  the  aystem  of  property  control  myitw 
tained  at  Northeastern* 

July  28,  1953*  T*  P*  Cheatham,  Jr*  and  S*  H*  Chang  attended  an  informal 
conference  at  AFCRC  among  persons  interested  in  IFF  and  related  problems* 

Problems  of  notual  interest  v«z«  discussed,  with  Br*  Cheatham  taking  an  active 
part  in  the  disoimsion* 

August  lii,  1953*  J«  J*  Klein  and  C*  H*  EnowliB  visitad  H*  Bradbioy  at  AFCRC 
to  cespare  certain  aspects  of  the  transistor-testing  programs  at  Northeastern  and 
AFCRC* 


o*  Statement  of  the  Problem 


Item  II  of  the  contract  is  concerned  with  research  directed  toward  the  speoi- 
fioation  cf  a higl^rellabillty  system  for  use  in  the  ground-to-air  and  air-to-grouxid 
iHnkw  of  a specified  IFF  system*  This  system  is  one  in  which  the  challenge  as 
gezMirated  by  the  interrogator  is  an  n-digit  binary  nuaber,  and  an  encoder  at  the 
airborne  trenspendor  provides  an  r-diglt  reply*  The  reply,  on  reception  at  the 
responsor  on  the  ground.  Is  conpared  with  a locally  encoded  version  to  detez’mine 
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The  block  diagram  below  shows  the  essential  features  of  the  IFF  sjstem  for 


pulse-train 


-which  methods  of  Inproring  transmission  rellabl  lity  are  being  studied*  The  two 
-transmission  Tinkfi  in  the  S7stem  differ  in  that  the  oorreot  repljr  is  arailable  at 
-the  terminal  of  the  ai]>to-grot2nd  link»  whereas  a priori  knowledge  of  the 
ohaUenge  is  not  arai]ljBble  at  the  -transpondor.  Ataospherics^  eneo^  noise  and 
pulse  jamming,  and  eneiQr  abtexqits  at  interrogation  are  being  considered  as  fac- 
-tors  which  need  to  be  conbatted  in  obtaining  high  transnieslon  rellahllitx*  The 
IFF  S7stem  Is  assumed  to  be  secure  against  an  eneiqjr  who  oan  only  listen^  henoe, 
the  aspect  of  cxyptogrt^hic  seeurltj  Introduced  by  the  presence  of  two  encoders 
in  the  system  is  not  part  of  the  present  problesu 

Item  III  on  coding  circiiltzy  involves  in  general  the  design,  construction, 
testing,  and  evaluation  of  reliable  oiroults  for  use  in  the  final  IFF  systoou 
The  circuit  being  atudied  at  present  is  a -transistorised  bls-tabls  device  of 
psrtioular  design  for  use  in  the  shift  register  involved  in  the  encoder  tmit  of 
the  sntem*  A su|>portlng  unit  of  work  \mder  this  item  is  a transistor-testing 
program* 


d*  Methods  of  Attack 

gy-sten  Reliability 

The  work  in  progress  under  the  Item  II  phase  of  the  contract  comes  under 
the  elasslfication  of  system  reliability*  This  term  refers  to  the  performance 
of  -the  qrstea  under  the  condition  that  all  equipment  operates  perfectly*  Pri* 
mary  attention  is  being  given  to  the  use  of  pulses  as  the  signal  in  the  two 
transmission  links;  however,  for  -the  sake  of  coi^leteness  some  consideration 
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Is  beiiig  given  to  other  foms  of  signal  such  as  noise* 

General  Conslderatiops 

The  air-to-'grouxid  lijGc  of  the  speoifisd  ^ratea  is  inberentl;^  oapahle  of  being 
made  aore  reliable  than  the  groxs^to-air  link>  since  a priori  knovledge  of  the 
eorreot  reply  is  availabla*  This  fact  makes  possible  iibe  use  of  crossHsorrelaticMi 
techniques  in  the  x'eoaption  of  the  ceded  reply*  1 of  t-he  ispendix  shsss  a 

block  diagram  of  a test  setup  which  can  be  considered  to  be  a nook-up  of  this 
transmiesion  link*  All  of  the  circuit  work  of  this  period  has  been  devoted  to  the 
constsmotion  of  equipment  shown  by  the  blocks  of  this  diagrasu 

The  section  to  the  right  cf  the  adder  represents  the  responsor  reodiver  see* 
tlon*  It  includes  an  optimum  filter  designed  to  (^timiae  the  pulse  aapUtude  in 
the  presence  of  noise  ^anmingf  and  a pulse-train  correlator  desigxxed  to  sel^ 
the  correct  pulse  train  In  the  presence  of  pulse  jamming*  The  section  to  the 
left  of  the  adder  simulates  the  transmission  link*  Provision  is  made  for  the 
generation  of  ooded  r-f  pulse  trains  (signal-generator  branch),  and  the  siaop* 
lation  of  pulse  jamming  and  two  types  of  noise  jamming* 

From  the  stand^inb  of  error  deteotim  and  threshold  setting  for  oorreletion 
detection,  it  is  desirable  that  ths  total  transmitted  energy  be  constant  from 
oxu»  challenge,  or  reply,  to  the  next*  This  could  be  aocniplished  by  a variety  of 
means,  such  set  (1)  letting  the  pulse  used  to  represent  a digit  haeve  two  possible 
positiosss  - one  position  to  represent  a one  and  the  other  to  represent  a seroi 
(2)  shifting  the  phase  of  the  oarrier  by  IfiO  degrees  to  differentiate  between  a 
one  and  a sero|  (3)  using  a two-frequsnpy  FM  system  - thus  the  discrlminetor 
output  would  xwpresent  a one  by  ♦ 1 and  a sero  by  - or  (U)  transmitting  ones 
and  seros  and  restriotlng  the  pulse  toalns  used  in  the  n-dlglt  system  to  those 
which  contain  the  same  nusgfcer  of  ones*  Consequently,  although  no  particular 
scheme  has  yet  been  settled  ipon  for  maintaining  constant  energy  from  one  pulse 
train  to  the  next,  the  final  system  will  eiqploy  some  scheme  to  aocoiqpllsh  this 
purpose*  Method  (U)  will  be  esployed  in  the  mook-up  system  merely  because  it 
can  easily  be  accoaq>lished  with  existing  equipment* 

With  one  exception,  the  mock-up  system  could  be  used  to  represent  the  ground- 
to-air  link*  In  this  case,  however,  the  existing  pulse-train  correlator  could 
not  be  used  since  a priori  knowledge  of  the  cballsnge  would  not  be  available* 
Consequently,  unless  a c<»pletely  directional  oonaunication  aystem  were  ezvl^ed 
(this  scheme  has  been  disoxissed  in  past  reports  and  is  considered  unfeasible  at 
the  present  time  because  of  the  antenna  development  problem)  the  best  that  could 
be  hoped  for  would  be  the  isproveosixt  in  tbs  prsaasMO  cf  noise  jaasisg  bbtal:^ 
able  with  the  qptimum  filter*  The  ground-to-idr  link  would  be  coiq>letely 
vulnerable  to  a type  of  pulse- jamming  which  reseoblsd  a correct  challenge • 

In  the  event  cf  pulse  janalng  of  this  type  (as  was  pointed  out  in  the  pre- 
vious report),  the  best  policy  would  be  to  turn  off  the  grousd<-Btation  interro- 
gator and  allow  the  jamndng  signal  to  serve  as  the  challenge*  Thus  the  process 
of  identification  would  be  acooBqplished  at  the  grotmd  station  by  merely  ooi!|>ar- 
ing  its  coded  version  of  the  enesy  signal  with  the  reply  transmitted  by  the 
airplane  undergoing  identification* 

This  identification  process  could  be  aocoiqpllsbed  with  presently  coxxtem- 
plated  eqxiiiasent  if  a single  airplane  and  a sii^le  jasaaer  were  located  on  the 
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same  asinoth*  If  a larger  mu±>er  of  planea  were  present^  the  groxind  equipnsot 
would  becone  oon;>licated  to  the  extent  that  a separate  antenna  would  be  required 
to  reoeive  the  jamzidng  "challenge**  from  a Jameer  that  was  not  located  on  the 
sane  azimuth  as  the  plane  undergoing  identification^  memory  units  would  be 
required  in  oi*der  to  store  the  reepectlT®  replies  fS’ca  a nusi>«r  of  planes  lo- 
cated along  the  same  azimuth  until  the  "challenge"  arrived,  a computer  would  be 
required  to  calculate  range  data  in  order  to  identify  the  replies  from  a nusber 
of  planea,  and  a Jamming  analyzer  might  very  well  be  needed  in  order  to  deteir- 
nine  whan  to  use  "eneny  chaUenge"  and  how  to  xise  it  most  effectively*  Con- 
sequently, although  the  utilization  of  the  "eneay  challenge"  would  go  a long 
way  toward  the  IFF  system  invulnerable  to  eneny  Jamming,  the  required 

ground-station  equipment  could  very  well  become  formidable. 

Reoognising  the  lotr  reliability  obtainable  in  the  ground-to-air  trazui- 
Biission  linV  in  the  presence  of  Jamming,  the<nretlcal  effort  during  this  report 
period  has  been  given  to  in^iroving  the  performance  of  this  transmission  path* 

The  deeper  reaUsation  that  the  optimum  filter  in  the  North  sense  for  the 
deteotion  of  pulse  trains  in  noise  is  a pulse-train  correlator  has  resulted 
in  ooDsiderahle  attention  being  given  to  the  theoretical  aspects  of  oorrelation* 
This  study  has  resulted  in  a potential  system  which  mcdces  use  of  correlation 
techniques  in  the  airplane,  and  enploys  a ccnrelator  with  a siiq>le  threshold 
device* 

Preliminary  results  of  the  correlator  study  are  covered  in  a subsequent 
section  entitled,  "Analyses  of  the  Performance  of  dFPothetloal  Pulse-Train 
Correlation  Systems  in  the  Presence  of  Causslan  Noise"*  In  the  begimdng  it 
hiiB  been  necessary  to  somewhat  Idealise  the  operation  of  the  correlator  and 
ma]ce  certain  approximations  and  assuaptions  uhich  may  prove  to  be  iipractlcal 
in  the  final  siodel*  Therefore,  it  will  probably  be  necessary  to  refine  the 
oalculatiozB  and  supplement  them  by  ejqperiments  in  order  to  check  thelx  appli- 
cability to  the  new  system  introduced  below* 

The  first  and  aecond  progress  reports  of  this  series  gave  attention  to 
the  problem  of  optimum  detection  of  the  signals  received  at  the  airplane*  It 
was  tacitly  assumed  that  orose-correlation  would  provide  the  optimum  laeans  of 
deteotion,  and  this  would  require  storage  of  the  correct  challenge  at  the 
airplane*  Calculations  were  made  to  ehow  that  punched  tape  could  provide  a 
practical  solution  to  the  mehanjKAticn  of  such  a scheme*  The  scheme  was  not 
pursued  further  due  to  the  <perational  difficulties  entailed  In  the  distribu- 
tion and  control  of  the  tapes*  It  is  expected  that  equivalent  transmission 
reliability  will  be  obtained,  however,  if  all  poesible  ohallanges  n irfl  i'tor— <i 
at  the  airplane,  the  transmitted  ohallenge  is  repeated  a muriber  of  times,  and 
each  ohallenge  arrival  at  the  airplane  is  cross-correlated  against  all 
stored  challenges  - the  stored  challenge  showing  Maxi  mm  congelation  over  a 
nusfeer  of  tries  being  chosen  as  the  one  that  was  traxisalttod*  In  sxibsequent 
seotions  of  this  repoz^,  consideration  is  given  to  such  a eystem  in  which 
the  pulse-train  challenge  is  stored  by  means  of  weighting  networks  attached 
to  the  taps  on  a delay  line*  Since  the  challenge  has  n digits,  2^  weighting 
networks  and  decision  devices  are  required  if  maxlxsum  reliability  is  to  be 
obtained*  In  this  treatment,  attention  is  first  given  to  a suggested  practi- 
cal ^stem,  and  a qualitative  operational  analysis  is  included  to  indicate  its 
expected  performance  in  the  presence  of  various  types  of  interference*  A 
supporting  analysis  attenpts  to  show  quantitatively  the  degree  of  reliability 
ijprcvement  that  may  be  expected  from  such  a scheme  in  the  presence  of 
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Oavisslaiwioise  Interference*  In  this  analysis^  a^aln,  the  i^steai  has  been 
idealized  to  idiat  is  probably  an  In^actlcal  extent  In  order  to  penait  the 
evaluation  to  be  nade* 

All  of  the  schemes  referred  to  in  tbs  above^  azid  discussed  in  detail  in 
later  sections » wake  tise  of  integration  over  successive  repetitions  of  the 
8iuiw»  challenge  in  order  to  obtain  improvement  in  reliability*  The  nunerical 
analyses  have  been  made  on  systems  vherein  this  integration  has  been  performed 
on  a digital  basis  • i*e*  by  the  method  commonly  called  binary  integration* 

It  has  been  shoim  by  Harrington^  that  vhlle  this  method  is  slightly  poorer  in 
principle  than  the  analogiae  method^  the  non*ideal  characteristics  (such  as 
finite  memory)  of  the  analogtie  integrator  make  the  two  about  equivalent  in 
the  final  analysie.  An  iiiportant  advantage  gained  by  the  use  of  binary  inte> 
gration  stems  from,  its  allowing  the  uee  of  pulse  ciroultzy  instead  of  the  less 
stable  linear  circuitry  demanded  by  the  analogue  method*  The  types  of  circuits 
required  are  those  for  which  reliable  transistorised  versions  are  either 
presently  available^  or  seem  possible* 

For  the  sake  of  corpleteness  and  in  order  to  ensure  that  no  alternate 
system  is  being  overlooked,  some  time  has  been  devoted  to  the  use  of  noise  as 
the  transmission  signal*  Recent  progress  is  discussed  in  a subsequent  sec- 
tion* 

Kook-up  System 


During  this  report  period,  work  on  the  mock-up  system  has  been  mainly 
devoted  to  construction  and  testing  of  some  of  the  units  indicated  in  Fig*  1* 
Due  to  the  nature  of  the  work,  progress  will  be  briefly  mentioned  hesre  and 
elaborated  on  in  more  detail  under  e*  Apparatus  axid  Eqvdpmsnt* 

Testing  of  the  pulse  modulator  described  in  the  previous  report  showed 
it  to  be  inadequate  for  use  from  the  stand^lnt  of  carrier  feed-through*  Coz>- 
sequently  the  modulator  was  redesigned  along  the  ringing-circuit  principle 
and  was  tested  entirely  satisfactozy*  Two  avioh  unite  have  been  constxucted  - 
one  for  use  ae  a signal-pulse  modulator,  and  the  other  for  use  as  a jamning- 
pulee  modulator* 

The  jamming-pulse  generator  was  originally  designed  sc  that  periodic 
pulses  would  be  obtained  from  its  output*  A new  pulse  generator  uzider  develop- 
ment at  the  present  time  will  provide  jamming  pulros  which  are  randomly  spaced 


A prototype  optimum  filter  for  uee  in  the  1-f  band  has  been  constructed* 
The  filter  is  matched  for  uss  with,  a carrier  pulse  0*6  jis  in  duration  and  a 
firequency  of  about  30  nc.  At  the  present  time  the  filter  is  working  qualita- 
tively but  not  quantitatively.  Further  work  on  the  unit  awaits  the  construc- 
tion of  a probe  for  use  in  the  30-mo  band* 

During  this  report  period  the  overall  operation  of  the  laboratory  model 
of  the  pulse-train  correlator  has  been  is^oved  by  redesign  of  the  ewitchizig 
circuitry  to  remove  certain  undeetrable  loading  effecta.  The  device  also  has 
been  siaplified  and  made  more  reliable  by  a redesign  of  the  d-c 
section.  These  changes  are  described  in  greater  detail  under  e*  Apparatus  and 
Equipment. 
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The  R»pe»t»d-Chjdl«pg«  Sjut&m 

Outline  of  SlyybeBU  It  Is  gex^ally  recognlMd  that  in  the  absexioe  ef 
storage  in  airplane  ti^  grouad-to-alr  link  of  an  IFF  systen  is  noare  vulnor- 
ahle  than  the  air-to-ground  link*  due  to  tuo  that  the  oorreot  chall>M»  i» 
not  arailahle  at  the  airplane  > vhereaa  the  oorrect  reply  is  araUable  at  taa 
ground  station*  k system  has  nov  been  worked  out  i^ion  ilTbellewed  to  rsnoee 
this  weakness  of  the  ground-to-air  link  by  transmitting  the  same  n-digit 
ohallange  repeatedly  (perhaps  fifty  times)  and  with  random  timing  before  a 
reply  is  elicited*  The  challenges  are  receired  in  the  alrplanOf  detected^  and 
fed  to  a delay  line  with  n ti^.  feeding  n phase  inverters*  ^ Mding-busses 
are  connected  to  the  taps  (diiectly  and  ria  the  pha^e-lnverters)  in  suoh  a 
way  that  each  adding-bus  correiQXxnds  to  one  of  the  2^  possible  different 
ohallenges*  (The  sketch  shows  this  for  n « 2) 


Those  output-5  of  adding-busses  which  es^ed  a certain  value  (first  thnshold) 
are  time-integrated  over  the  interval  between  synchronising  (perhaps  radar) 
pulses^  whose  spaoings  are  randomised  within  certain  liaite*  Upon  reception  of 
a ^fnohronising  pulse,  those  integrators  whose  voltages  exceed  a (second)  thresh- 
old value  cause  the  cryptogrsphlc  unit  to  produce  the  corresponding  replies, 
which  are  then  transmitted  in  turn  in  rapid  svicoession  (interlaced?).  At  the 
sans  time  the  integrators  are  cleared,  and  a time-gate  prevents  any  further  syzt- 
ohronising  pulses  f^om  affecting  the  unit  for  a length  of  tlms  equal  to  the 
irriMiaim  interval  between  synchronizing  pulses*  The  first  threshold  may  be  set 
such  that  at  maxLinum  range  a challenge  will  almost  certainly  cause  its  adding- 
bus  voltage  to  exceed  the  threshold*  The  second  threshold  is  set  so  that  under 
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the  i^ane  transnlBalon  conditions  a string  of  identical  challenges  will  cause 
the  proper  integrator  voltage  to  exceed  the  threshold* 

Philosophy 

In  this  section  the  repeated-challenge  system  will  be  considered  in  great- 
er detail,  and  reasons  for  its  various  feattires  will  be  givane  It  is  easily 
seen  that  the  additions  in  the  adding-busses  and  the  tine  Integrations  in  the 
Integrators  vill  result  in  very  good  cancellation  of  random  noise  and  random 
pulse  jamming^  so  that  the  attention  in  this  section  is  focused  on  the  oper- 
ation of  tbs  system  in  the  presence  of  planned  enesy  interference* 

In  accordance  with  the  design  of  the  pulse-train  correlator  , the  spaolxigs 
of  the  pulses  of  each  challenge  will  be  staggered  according  to  a fixed  scheme 
to  avoid  multiple  coincidences  of  ptilses  and  taps  prior  to  and  subsequent  to 
the  instant  of  exact  si^mrposition* 

The  spacing  between  successive  chaUengss  is  to  be  randomised  within  lixdts, 
in  Older  that  periodic  pulse  jaisning  cannot  be  ei^loyed  to  ;)aa  the  same  digit 
in  each  challenge*  It  is  realized^  on  the  other  hand>  that  a jainner  might 
achieve  this  result  by  sending  out  a Jan  pulse  as  soon  as  he  receives  the  first 
pxilse  of  a challenge*  It  is  necessary,  however,  for  this  Jam  pxilse  to  arrive 
at  the  target  plane  idxils  the  same  challenge  is  still  being  received,  that  the 
difference  in  transmission  tines  from  the  ground  station  to  the  target  plane 
(1)  via  the  Janoer,  and  (2)  directly,  must  be  less  than  the  duration  of  the 
challenge*  For  a challenge  of  reasonable  sise  this  method  of  Jamming  would 
therefore  be  effective  only  for  a limited  region  and  with  the  Jaraner  located 
such  as  to  be  q\iite  vulnerable  to  elimination* 

The  nuidser  of  digits  per  challenge  (n)  is  e^qpected  not  to  exceed  six*  It 
is  felt  that,  with  proper  miniaturization,  sixty-four  adding-busses  and  associ- 
ated circuite  can  be  accommodated  in  the  airborne  unit.  If,  for  reasons  of 
cryptographic  securi^,  longer  challenges  are  deemed  neoessazy,  a wiy  could 
presumably  be  found  to  break  the  challenges  into  four-  to  six-digit  gror^ 
and  to  treat  each  group  individually,  thus  nwirfng  the  size  of  the  equlpjssrit 
Increase  linearly  with  the  nusber  of  digits  Instead  of  exponentially* 

The  first  thraahold  has  the  purpose  of  keeping  the  Integrstorii  fx^ 
responding  to  anything  but  a correctly  Uned-vqp  challenge*  In  the  absence  of 
such  a threshold,  eyh  incoming  pulse  would  yield  a certain  contribution  to 
an  integrator,  different  ohaUengee  with  the  same  nusi:or  ''f  pulses  would 
not  be  differentiated  between* 

In  the  absence  of  eneiiy  interrogati<m  (and  if  only  one  grovmd  station  is 
received  by  tte  plane)  <3aly  one  integrator  voltage  will  increase  to  more  t>ixiw 
the  second  threshold*  In  this  case,  then,  only  one  reply  will  be  triggered  off 
by  the  arrival  of  the  synchronizing  pulse,  and  accurate  range  infonration  can  be 
obtair^  at  the  ground  station  from  the  round-trip  transmission  ti£k>^  An  enei^ 
who  attends  to  \q>set  the  system  by  barrage  interrogation  will  find  that,  to 
exceed  the  second  threshold,  each  interrogation  will  have  to  be  sent  a great 
number  (perhaps  5o)  of  tiaee  within  one  cynchronizing  period*  There  will  then 
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not  be  tine  enotigh  within  that  period  to  eend  aai]y  (say  more  than  different 
interrogations > each  that  Bsary  tioss*  The  transpoz^or  than  will  reply  to 
these  eneny  inberrogatioos  and  to  the  friendly  challenge^  one  after  the  other* 
SineOf  anong  others,  it  has  prodiiced  the  correct  reply,  the  airplane  will  still 
be  regarded  as  a friend  (especially  after  several  ronnds)  • Since,  however,  the 
reply  to  the  Ijriendly  ohaUange  13  not  necessarily  the  first  one  to  be  sent 
v9>on  arrival  of  the  sYnohronlsixn^  pxilce,  go”*^**-  different  rcts^trip  tiass 
will  result  for  sxiccessive  rounds,  in  other  words,  the  accuracy  of  the  obtain* 
able  range  tnfonatlon  Is  reduced  by  eneny  interrogation* 

In  the  event  the  eneziy  duplicates  the  synchronizing  pulse  the  transponder 
will  be  trlggex^  by  the  enesy's  pulse  at  least  sons  of  the  tins*  Due  to  the 
tine-gate  in  the  aynohronizing-pulse  receiver,  the  replies  will  not  be  sent  at 
an  excessive  rate,  so  that  enough  tine  still  Is  nrailable  for  the  friendly 
ohallmges  to  integrate  and  exceed  the  second  threshold*  Due  to  the  randon 
timing  of  the  friendly  syiwhronlzlng  pulses,  no  consistent  range  Information 
will  be  obtained  from  the  relies  due  to  the  eneacr's  synchronizing  pulse*  The 
replies  doe  to  the  friendly  synchronizing  pulses  can  therefore  be  recognized 
by  the  relative  constancy  of  the  round-trip  tins* 

A Uniter  at  the  input  to  the  delay  line  can  be  provided  to  prevent  strong 
individual  pulses  (at  close  range  from  the  ground  station,  or  due  to  powerful 
Jamaing)  from  exceeding  the  first  threshold* 

ina^ses  of  the  Performance  of  hypothetical  Pulse-Train  Correlation  Systeag 
iin  the  faeeence  of  Gaussian  Noise 


Sjywtem  for  appl±oatl<Ki  at  tte  ground*  Consider  the  block  diagram  of  Fig*  2. 
It  is  auBSumed  ihn  t^  li^nxt  to  ihe  correlator  is  connected  to  the  output  of  the 
1-f  anpllfler  of  tbs  IFF  respousor  and  that  the  signal  being  received  Is  immersed 
in  Gaussian  noise  and  consists  of  a train  of  pulses  properly  coded  to  oorrespond 
to  the  switch  positions  of  the  correlator*  In  this  system  a sinusoidal  carrier 
is  shifted  180  degrees  to  differentiate  between  the  ones  and  zeros  of  the  binary 
code*  The  bandwidth  of  the  i-f  amplifljer  is  assumed  to  provide  an  e$>propriate 
match  to  the  pulse  width  of  a code  symbol,  l*e*  the  signal  is  assumed  to  reach 
Its  peak  amplitude  during  the  time  of  the  pulse*  The  pulse  recurrence  period 
is  s^ficlently  long  for  the  given  i-f  bandbridbh  that  indapendent  samples  of 
noise  can  be  assumed  during  ad^aoent  pulee  peroods,  and  the  digit  and  space 
lengths  are  equal* 

0 

For  a case  oavired  by  the  above  assumptions.  Rice  has  shawn  that  the 
envelope  distribution  density  of  the  output  voltage  of  the  i-f  awpi  tfjer  can 
be  given  by 

p(R).J-  eip[-8l±?l]I,/5E)  (1) 

^0  2^0  WoJ 


where  R » envelope  amplitude 

P " peak  value  of  the  sinusoidal  signal 
T"  ■ noise  power  at  the  output  of  the  amplifier* 


SECRET 


SECRET 


.11. 


raliie  of  the  laodified  Bessel  fvinctian  of  the  first 
kind  and  order  zero  for  argument 

JO 


5>r»  ideal  correlate  for  an  the  enreJK^  probahilitj  den- 

sity of  the  addlng4)U8  voltage  7^  can  be  written  as 


_ /t»\ 


R 

nyb 


exp  [ 


R»  ♦ 

2nyb  ^ 


(2) 


and  the  oorrespondixig  probability  distribution  P(R)  is  p(R)dR»  A aoro  conrezt- 
ient  fora  for  future  use  is  obtained  if  the  follaring  nonBalised  parameters 
are  introduoeds 


V 


a ■ 


Vn  P 


VE  p ij'here  p is  the  input 
signal-to-noise  ratio. 


TiuiSj  p(R)dH 


▼ dv  eaqpL- 


-]  lo(av)  % 


(3) 


The  blocking  oscillator  produces  one  pulse  when  the  voltage  exceeds  the 
threshold  voltags  7m*  It  is  assuxed  that  the  speoifioations  on  the  system  ara 
such  that  this  ^an  happen  only  once  during  a digits  or  during  the  space  oetween 
digits. 

The  probability  of  the  blocking  oscillator  producing  a pulse  due  to 
signal  and  noise  during  the  signal  period  is 


■ /p(R)®  * /v  dr  o3qp[~  I?.  lo(av)  (U) 

7m  V 2 

X 


where  V ■ Zl— 


and  due  to  noise  alone  during  the  space  period^ 


“ Zl 

Pjj  - / V dv  exp[-  ^ . 

7 


(5) 
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Squation  (5)  has  been  obtained  from  (li)  by  noting  that  when  the  signal  is  sero. 

a • 0, 

Optinum  reliability^  in  one  sense^  is  obtained  if  the  threshold  voltage 
is  &dJtiBted  to  a value  that  ndniiaiBes  the  probability  of  error.  For  this 
8yste%  errors  are  produoed  when  the  signal  asplitude  la  interfered  vith  by 
the  noise  so  that  the  threshold  is  not  reached  (called  a ”nis«»),  end  when 
the  noise  during  the  space  periods  is  snfficiest  to  exoaed  the  threshold 
(oalled  a "false  alam”).  Letting  the  probability  of  a miss  be  represented 
by  Pff,  and  noting  that  the  false-alarm  probability  is  the  previously 

defined^  then  the  problem  becomes  one  of  determining  the  value  of  that 


that  equations  (I4)  and  (5)  can  be  cosiblned  to 


/ Io(a  V-  2 log  p)dpo  (6) 


makes  (l^  v F^}  a minlmuBU 
1* 

Harzdngton  has  shown 
eliminate  v and  yield 


Pg  . 1 - e 


Fy  using  a series  expansion  for  Io»  it  can  be  shown  that 


*'s-i 


- £ 


a_ 

2 


£ i 

xA)  nl 


where  A, 


[1-2 

k-0 


1_ 

kl 


Pjj(-  l«g  Pn)^ 


- c 


ll 

2 


(7) 


Note  that 


Pw  - 1 - P« 


Much  of  the  following  is  based  upon  background  obtained  in  studying  this 
reference. 
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80  that  2F^,  th«  probability^  of  9rrar,  ±a 


2P,  - 1 - Ps  ♦ Pm* 


(«) 


Figure  3 plots  of  ?M  ssd  TS  7 (the  normalised  tIu‘eehold  voltage) 

for  a • 1 and  a 2*  Figure  U ehoira  curves  of  2?^  vs.  7 obtained  ty  using 

eq«  8 and  the  data  plotted  in  Fig.  3.  For  a 16-digit  correlator,  the  curves 
for  a • 1 and  a • 2 correspond  to  ixtpvA  sigDal-to-nolse  ratios  of  l/U  and  1/Z, 
respectively.  Inspeot:!on  of  the  curves  indicates  that,  for  a ■ 1,  the  optinn 
value  of  7 is  1.5i  and  for  a > 2,  it  is  1*7^.  The  corresponding  figures  for 
the  merer  probabilities  are  given  in  the  table  below. 


a 

% 

Pm 

p0 

1 

.33 

.51 

2 

.22 

.30 

.26 

In  addition  to  serving  to  fix  the  value  of  7«,  the  results  of  the  preced- 
ing analysis  can  be  interpreted  to  provide  a quantitative  figure  for  the 
reliability  ijqprovenent  resulting  from  the  use  of  the  pulse-train  correlator. 
For  exaiqpla,  if  p 1,  then  the  average  probability  of  ezror  values  give  the 
relative  inprovement  gained  by  using  a four-place  correlator.  Likewise,  for 
p ••  l/2f  the  sane  figures  give  the  isproveaent  gained  iy  using  sixteen 
places  cosqjared  to  four  places. 

In  the  system  assunsd  for  this  analysis  (see  Fig.  2),  the  challenges  and 
replies  are  repeated  m tines  in  rapid  succession,  and  binary  integration  used 
following  the  threshold  device  to  provide  further  iiqproveasnt  in  reliability. 
The  flnol  decision  as  to  whether  or  not  the  correct  reply  has  been  rscsivsd 
is  based  vqpon  whether  or  not  a threshold  count  k is  exceeded  in  the  n trials. 
Here  two  new  error  probabilities  can  be  defined.  The  first  Is  a "miss" 
probabiUty  Pn  which  increases  with  kt  and  the  second,  a false-elsrs  preba^ 
bility  Fn  noise  during  the  space  intervals  that  increases  with  a 

decrease  in  k.  It  is  desired.  thex*efore,  to  find  the  value  of  the  threshold 
count  that  sdnimises  (Pgi  I^). 

The  probability  P3  is  the  probability  of  a oorreot  pulse  train  being 

registered  at  the  oomter.  The  probability  of  obtaining  a coi^rt^  of  x due  to 
correct  pulse  trains  (in  a set  of  m repetitions  of  the  same  reply)  is  given 

w 

It  should  be  iBentioned  that  is  not  a true  probability  in  the  statistical 
sense,  but  an  arbitrary  function  (i.e.  half  the  sum)  of  two  probabilities 
derived  from  two  different  sets.  As  such,  in  the  following  the  term  average 
probability  will  be  used  to  represent  P^* 
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l?y  the  binomial  diatribution  Pf  ^ probability  of  obtaining 

a counter  leading  of  k or  nore,  by 


m 


Pe  - ? Cx  Ps  (1  - Ps) 


2>Z 


(9) 


This  esqpraasion  can  be  readily  handled,  as  shown  by  Harrington,  if  the 
Edgeworth  series  approxiaation  to  the  binomial  distribution  is  enployed* 
This  gives 


Pg  - 1 ^ ♦^a|  - * (10) 
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1 > 2Pg 
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a 
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In  a similar  way,  the  probability  Pq  of  obtaining  a counter  reading  of  k 
or  more  due  to  noise  oan  be  oonputed  by  using  P^  in  plaoe  of  Pgo  The  miss 
probability  P^  is  evidently  1 - Fg,  and  the  problem  resolves  itself  to  one 
of  plotting  Pn  ai3d  vs*  k,  and  determining  the  value  k which  makes  (Pq  P^^) 

The  curves  of  Fig*  $ show  results  of  such  plotting  for  the  case  of 
a ■>  2,  m * 25,  at  optimum  value*  The  c\xrve  of  average  exror  probability 
need  n^  be  plotted  in  this  ease,  since  it  is  evidant  from  the  steepness  and 
ourraturs  of  the  curves  that  the  pririwan  point  will  oceur  practically  at  the 
intersection  point  where  k - 11*7*  and  each  of  the  error  probabilities  has  a 
value  of  0*00085*  The  average  probability  of  error  then,  is  also  0*00085* 

* In  practice,  k would  be  made  equal  to  either  the  nearest  integer  or  the 
nearest  power  of  two,  depending  iL5>on  the  type  of  binary  counter, 
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Thi«  figure  is  correepondlngly  reduced  with  an  increaee  in  n|  however,  covspve- 
tational  difficultiee  arise  in  attenqpting  a quantitative  analysis  for  large 
values  of  a doe  to  the  need  for  the  use  of  laore  tenas  in  the  Edgewosth  series* 

The  equation  for  the  probahiULtj  density  of  the  envelope  of  (eq*  2) 
used  in  the  above  analysis  is  only  anpUeabla  when  detector  is  imed  ahead 
of  the  correlstcr*  Fcr  the  sssre  practical  syrtcr,  rS^rc  c detector  is  desir- 
able due  to  difficulty  in  cutting  the  lengths  of  delay  line,  a new  forsula  is 
required*  Equation  1 is  still  applicable  for  the  voltage  at  the  output  of  a 
deteotor  of  the  esvelope-traeer  ^pe,  and  the  problem  becomes  one  of 
finding  the  probability  dezisity  of  the  sum  of  n random  variables  each  haring 
the  pr^ability  density  p(B)  given  by  eq*  1*  This  can  be  readily  aceonplished 
through  the  use  of  the  eharacteristio  function  of  p(R),  Y^(a),  since 

[p(Vx)]  - IV^(*)]“  (11) 

and  p(V2)  is,  then,  the  "n"th  convolution  of  p(R)  with  itself,  or,  for  n U, 

p(Vj)  - p(R)  * p(R)  * p(R)  * p(R)  (12) 

Because  of  the  forms  of  the  functions  making  up  the  right-hand  side  of  eq*  1, 
the  solution  of  the  resulting  integrals  is  not  ea^y*  The  next  section  will 
desoribe  a graphical  techniqtie  which  nay  be  applied  to  effect  the  required 
result* 

The  pulse-train  signal  assumed  in  the  above  analysis  used  a iBO-degree 
phase  shift  to  indicate  the  difference  between  ones  and  seroe*  In  a acore 
practical  system,  a duaL-frequency  transalBslon  system  would  be  enployed,  so 
that  a frequency  p would  be  used  to  repretfOt  a one,  and  a frequency  q for  a 
sero,  and  the  detector  would  take  the  form  of  a frequency  discriminator* 

The  equation  for  the  envelope  protaebility  density  required  in  this  case  in 
place  of  eq*  1 is  given  by  Ric^  as 

p(R)  « R / r Jo(Rr)  [Jo(J^)3*  exp[I^t2£l]dr*  (13) 

r-0  2 

System  for  application  at  the  airplane*  The  block  diagram  of  Fig*  6 
shows  oonponents  which  may  be  used  in  a transpondor  receiver  in  the  air- 
plane if  pulsWtrain  oorrelat^a  are  enplcyed  to  provide  the  advantages  of 
cross-correlation  in  laproving  the  relifd?iiity  of  the  IFF  syvtem*  Each  of 
the  branches  including  a pulse-train  correlator,  tlcreshold  device,  and 
t inary  counter  can  be  assumed  to  be  the  same  as  the  gyetea  considered  in  the 
previous  seotico*  With  an  n-plaoe  binary  code,  there  will  be  ^ possible 
ctifferent  codes,  and  each  of  tbs  correlators  would  be  set  to  a different 
code*  A different  criterion  wotild  be  used  for  setting  the  threshold 
voltages  than  in  the  previous  analysis^  howsveri  the  most  critical  intar- 
fexing  signal  for  a given  channel  now  is  not  noise,  but  the  signals  intended 
for  correlators  set  for  adjacent  nuii>ers*  Insofair  as  tbe  ozztpub  deoision 
device  is  concerned,  three  possibilities  are  presented*  First,  at  tbe  end 
of  the  challenge  period  (during  which  m challengee  have  be«:i  received)  tbe 
counter  showing  the  highest  count  is  selected  by  a maximus^voltage  measuring 
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oircuit  to  jjadloate  the  pvilse  train  having  the  highest  probabili^  of  being 
oorreot*  In  the  second  laethodf  the  2^  counters  are  Bucceesively  saii^Xed 
after  each  pulse  train  has  been  reoelTed,  and  any  which  ha^e  reoel7od  no 
pulse  dviring  the  preceding  interval  are  Bade  inoperative  for  the  remainder 
of  the  challenge  interval*  This  is  continued  until  one  channel  reoiaiDS 
in  operatiozf*  It  can  be  8hsws3  that  vith  high  probability  this  is  the 
chssnsl  ccurrespcnding  to  the  sisrrect  puls*  train*  In  the  third  schemSf  a 
counter  threshold  IL  (K  < n)  is  set,  waA  the  couutaa  reachlog  tide  count 
first  identifies  the  corro^  pulse  train*  Because  of  its  relative  aechanl- 
cal  sispUoity,  the  system  considered  in  the  foil  curing  will  asstuve  the 
last>nentioned  type  of  decision  circuit* 

The  main  purpose  of  this  section  is  to  describe  the  method  of  an  analysis 
currently  being  made  to  determine  for  this  system  the  optimum  settings  for  the 
voltage  threshold  V;  and  counter  threshold  Kj  and,  coincidently^  the  e3$>ected 
(average)  probability  of  error  for  specified  received  signal^tOHioise  ratios 
vlll  be  obtained*  Unless  otbenrise  indicated,  the  sane  assus^tions  stated 
in  the  previous  azialysis  will  be  made  in  the  present  analysis*  Since  detec- 
tion occnxrs  before  siunaation,  it  will  be  necessaiy  to  use  the  method  of  eqs* 

11  and  12  to  find  the  probability  deiusity  of  the  adding-bus  voltage  (Vr)* 

Assuming  for  purposes  of  illustrative  example  that  n • U,  the  following 
equation  can  be  written  for  the  probabilily  density  of  Vj,  ]?oOfz)f  * 
correlator  receiving  a ooxrect  pulse  train 

Pe(Vz)  - p(R)<^(R)*p(R)«p(H)  - Ep(R)*p(R)]♦[p(R)^^(R)]  (lii) 

where  p(R)  is  given  by  eq.  1. 

For  a correlator  receiving  a signal  differing  by  one  digit  from  its  correct 
pulse  train,  it  can  be  easily  shown  that 

Vi(Jz)  - p(R)*p(R)<»p(R)«p(-R)  (15) 

Likewise, 

■ p(R)^‘p(R)^^(-R)*p(-R)  (Id) 

m /in\ 

PU(Vj)  - p(-R)-»^(-R>«p(-*)*p(-R)  * (IB) 

Equation  (1)  can  be  put  into  a form  more  convenient  for  the  present 
analysis  if  the  variables  are  normalised  by  letting 


V 


R 


p " " ii^nxt  signal^to-noise  ratio* 


- ^ * P* 

2 

Than,  p(v)  ■ v £ lo(vp) 


(19) 
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Wlth  the  abore  probabilii^  densities  defined^  the  first  step  in  the 
anaHjrslB  o«n  now  he  described.  It  involres  detenaining  for  a given  p,  the 
value  of  the  nonoallsed  threshold  V(*  Vj/v^)  which  provides  at  the  output 
of  the  threshold  device  a loinintun  average  probability  of  error  Fg  as 
defined 


2 P*  • Pm  ♦ Pi? 

^ - - *r 


where  Pj|  ■ probability  of 
azMi  ■ probability  of 


a Bds8  • 1 - / Po(V2)dVT 
7 

m 

a false  alam*  -^/  , 


(20) 

(21) 

(22) 


The  analysis  described  above  has  been  Bade  using  graphical  techniques  to 
evaluate  Pb(^2)*  Pi(^£)»  integrals  of  eqs.  21  and  22,  and  to  effect  the 

BiniaUation  of  P^v  Figure  7 shows  the  for&  of  the  distributiozx  densities 
p(&)?  p(K)^(H)i»-  and  Po(7x)  (all  for  p ■ 1)  obtained  by  this  procedure*  A 
plot  of  Pi(V2)  is  shown  in  Fig*  8*  The  curves  of  Fig*  9 show  azid  vs* 

lit  and  their  su%  gives  a ndnijaga  at  the  optlnua  threshold  value  of 

7 « U*^^*  The  oorresponding  values  (for  p « 1)  of  Fp,  and  Fq  are  s^pproxL- 
nateiy  *18,  and  *16^  respeotively* 

The  above  repK^senta  the  extent  to  which  the  analyaia  being  described  has 
been  ao  far  carried  out*  The  following  outlines  the  procedure  to  be  used  in 
coBpleting  the  analysis* 

After  deterBdnatioQ  of  the  optlBun  voltage  threshold^  attention  can  be 
given  to  the  calculation  of  the  optinm  counter  threshold^  K*  This  is  the 
setting  that  naxiaijea  the  probability  that  the  counter  connected  to  the 
channel  receiving  its  correct  pulse  train  reaches  the  threshold  first*  Or^ 
in  other  words,  it  nrinladtec  the  sum  of  the  probabilitiea  of  no  chann^ 
count  reaching  the  threshold  at  all  and  of  some  other  channel  count  reaching 
it  first*  The  first  probability  is  the  probability  of  a misa,  and  the 
aftoond  in  the  probability  of  s,  false  y****— — ^ , 

For  n U,  there  are  four  conponent  false-alam  probabilitiea  for  in- 
correct signals  that  are  required  in  the  determination  of  P^i*  They  aret 

the  false-alarm  probability  when  one  digit  is  wrong 

m 

Pp,  - /vxiW^Z  (23) 

' 7 

(where  7 is  the  fixed  threshold  value) 

* In  the  present  anaiyais,  an  approximation  la  being  made  in  that  the  effect  of 
nclse  occurring  during  the  spaces  within  the  train  is  being  neglected* 

It  seems  reasonablB  to  assums  that  the  false^^alars  pz*obability  will  be  con- 
trolled by  the  ad^Jacenb-cliannel  72*  In  azy  oase,  at  the  expezise  of  cosaiderable 
cosfilication,  this  effect  of  noise  can  be  Izzclud^  as  will  be  discussed  later* 
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Pp2>  the  falee-alann  probability  when  two  digits  are  wrong 

m 

PP2  ■ 


(2U) 


where  P2(’*^2)  is  given  by  eq.  16 


tbs  false«alarm  probability  wl^  three  digits  are  wrong 


(2$) 


“d  iy, . the  false-alazia  probabill^  when  all  four  digits  are  wrong 


/p},(7^)d7^,  (26) 

^ V 


ifter  noting  that  the  probability  P.  that  the  coorrect  correlator  produces 
a count  of  one  at  the  counts  is 


f,  - /Po(Vj)®j,  (27) 

r 

the  probability  ©(k)  that  the  correct  counter  will  reach  a count  of  k first 
can  be  written  as 


m 

0(k)  - Z ©iCk), 
IHc 


(28) 


where  ©^(k),  the  probability  that  the  ’’correct"  counter  reaches  a count  of  k 
first  oil  the  i-th  trials  is  given  by 


_ r<^i<"l  Tjk  /i  75  \ 

- I'^-I  V4-  - r,; 


k-l 

Lj. 

3P«0 


u 


. 1— X 

Pf^) 


i-X  Ji 

J • 


k-l 
[ 2 
xH) 


0- 


(30) 
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The  first  factor  in  eq.  30  gives  the  probability  of  the  correci  counter  reach- 
ing a comt  of  k on  the  i-th  trial.  The  product  of  the  last  four  factors 
gives  the  probability  that  none  of  the  other  2®  - 1 correlators  will  reach  the 
count  of  k on  or  before  the  i-th  trial*  Thus,  dj^(k)  as  written  gives  the 
probability  that  the  correct  counter  reaches  a count  of  k f^st  on  the  i-th 
trial.  By  vse  of  eq.  28,  we  obtain  9(k),  the  probability  of  a ’"success"  in 
the  process  of  detemdning  which  challenge  was  transnitt^. 

The  probability  ^(k)  that  none  of  the  counters  will  reach  k can  be 
written  as 


k-1  „ ^ _ k-1 

[ Z C®  Pj(l  - Ps)“^*] 
xK)  3P-0 


1 2 ifji  - 


k^l 

E 2 


(31) 


Eqxtations  (30)  and  (31)  can  now  be  xised  to  write  an  expression  for  the 
false-alana  probability  ^t.  This  is 

Pp,  - 1 - [8(k)  ♦ ii(k)]  , (32) 

The  probability  P)fi  that  no  channel  count  will  reach  k is  iJi(k)  as  given 
by  eq.  31* 

All  of  the  information  required  to  determine  the  optimum  value  of  the 
counter  threshold,  £,  is  now  available.  The  problem  becomes  one  of  finding 
the  value  of  k for  which  the  sum  of  %t  and  Phi  (as  given  by  eqs.  31  and  32) 
iff  a nrljTligmB-  It  iff  to  be  net-ed  that  the  different  forms  of  the  functions 
involved  have  all  been  handled  before  in  the  numerical  analyses  described  in 
this  ajvi  the  preceding  sections. 

The  preceding  has  assiimed  that  there  is  no  noise  during  the  space  inter- 
val, such  as  would  be  true  if  a synchronous  system  eiqploying  some  scheme  of 
gating  off  the  noise  during  the  space  interval  were  used.  In  the  more 
practical  system  where  this  is  not  true,  the  coifjutations  necessary  in  the 
determination  of  the  new  threshold  count  become  uzarleldy  unless  the  use  of 
automatic  oonputing  machines  is  sssusaed.  The  syii>ollsm  of  formulating^  the 
analysis  is  relatively  slnple,  however,  and  for  oonpleteness  an  outUne  of 
the  procedure  will  be  included  here. 

A new  value  of  threshold  voltage  laist  be  first  calculated  to  take  into 
account  the  effect  of  noise  during  the  space  interval.  The  probability 
of  obtaining  a count  due  to  noise  is  given  by 
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Pn  -^/Po^°^(V2)d72  (33) 

where  can  be  obtalMd  by  eraluatiJ3ig  poV^z)  for  p ■ 0,  or  directly 

from  eq«  !•  The  falee-alana  probability  now  takes  the  form 

♦ P|,  (3k) 

where  % is  given  by  eq.  22  and  by  eq«  33*  The  new  value  of  threshold  volt- 
age is  the  value  of  V which  makes  the  sum  of  and  a gLidjagiu  (F){  is  again 

the  value  determined  by  sq.  21) 

The  probability  Pg  given  ty  eq*  27  and  the  false-alarm  probabilities  given 
by  eqs*  23-25  will  se^  to  be  redatentdned  for  the  n^  value  V*  Lotting  these 
new  values  be  P^«  P^^,  ?jy  and  the  new  value  of  6(k)  is  given  by 

e*(k)  - £ aj(k)  (35) 


where  6^(k)  ■ 6ii  > 0^2 


®ii  ■ ^10  oil  ^ ^ ^ih 

«12  ■ *i0  SU  »il, 


in  whiab  Q^jq 


k-1 

Z 

rK) 


X B 0 


k-l^ 

k-l-x 


(1  - 


k— 1 _ - k— "*  —X  * 1 4 4 14 

and  - Z [cj(P*  )*(1  - P^  )^**  Z PJ  (1  - 

xM>  * 'n  a j«0  ^ 

n - 1,  2,  3».k  « 

The  new  value  of  |i(k)  is  given  by  n*(k)  « Rq  Eg  (35) 

k^l  _ 4 k-l-i  _ 4 ^4 

where  Ro  - 2 [cf(P*)^l  - Pg)  Z c“  P^  (1  - P^) 

1-0  ® j-0  ^ ” 
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md  “J  ’^1'^  - 

1*0  ^ “ JK)  •’ 


n - 1,  2,  3,  U ^ 

foe  remaoxider  ox  the  prooedure  for  deterwining  £ is  the  saas  as  thct  used 
in  the  prerloos  analysis  where  the  anise  was  nsgisoted* 

CoatasntaiT 

As  pointed  out  prerlously^  the  analyses  just  described  are  to  be  oonsld-^ 
ezed  to  be  of  an  exploratozy  nature*  Their  purpose  has  been  to  prorlde  9xp»- 
risnoe  In  tbs  use  of  statistical  tools  for  quantitatirely  studying  the 
reliability  of  irelsvant  transadLsslon  systeas?  In  soae  oases  the  idealis*> 
ticas  hsm  in  obvious  ways  tended  toward  the  Ispractioalj  a ITsedoa  wM/^  was 
taken  in  order  to  aake  possible  the  seleetioQ  of  a natheaatlcal  aodel  under 
iddch  analytical  solutions  wo\ild  be  possible*  It  is  hoped  that  future  woxic 
under  this  item  will  include  the  ezUnsion  of  the  methods  used  in  these 
prelisisszy  asalyses  to  cover  aa?e  prsctical  ssssples^  also  provide 
inforaation  relating  to  operation  at  other  values  of  ixqmb  slgnsl-toMioise 
ratio*  It  is  hoped  also  that  it  will  be  possible  to  check  the  results  of  at 
least  sofflB  of  the  analyses  by  eaqperiamtal  tests*  Soae  of  these  nay  be  per- 
foraed  on  the  aodel  of  the  piulae^ain  correlator*  Others  of  a aore  basic 
nature,  such  as  effect  of  the  use  of  a no]>-ideal  detector  on  the  dlstrlbi>> 
tion  assuaed  at  the  iqput  to  the  correlator,  could  aake  use  of  oertain  appa> 
ratus*  eoxistructed  under  Item  I for  use  in  studying  the  wavef oras  of  speech 
sounds* 

The  criterion  used  in  setting  the  counter  threshold  has  been  that  which 
ainlaises  the  suas  of  the  unweighted  probabiUtiy  that  noise  (or  an  incorrect 
signal)  will  a^jpear  as  the  correct  signal  and  the  unweighted  probability  that 
the  correct  slipaal  will  be  loet  (or  called  xidse),  this  ninindsation  being 
aade  for  a flx^  Input  slgnal-tO'^iBe  ratio  by  varying  the  nusber  of  repe- 
titions over  whioh  the  counter  output  is  integrated^*  This  is  essentially  the 
case  of  the  *ldeal  dbe^vsT'’  described  \sy  Hiddlstoo^*  Whstber  er  act  is 
the  best  crlterimi  has  not  been  sttidied*  It  Is  int«33ded,  however,  that  sone 
of  the  future  work  on  this  approach  will  be  directed  toward  this  and* 

Redundanoy  Coding 

In  previous  progress  reports  oonslderable  attention  has  been  given  to  the 
use  of  pulse  traiiui  which  have  additional  digits  included  for  the  iRprovenent 
of  reliability  through  redxuidanoy*  Studies  ware  made  -ef  the  nuieber  of  addi- 
tional digits  theoretically  required  to  loatch  the  ehaimel  capacity  fcr  given 
assumed  noise  conditions,  and  of  the  reliability  whioh  could  actually  be 
obtained  when  the  coding  period  is  limited  by  the  length  of  a challenge  or 
reply*  These  studies,  whioh  assumed  a syeten  where  a decision  is  nade 
separately  at  each  pulse  position,  have  been  teuporarily  dlscontinusd  in 


* See  Quarterly  Progress  No*  17  for  Item  I*  Visual  Message  Presentation 

of  this  contract,  pp  6 and  7* 
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favor  of  atudies  of  puloe>train  correlators  as  In  the  preceding  section*  It 
should  be  noted  that  redundancy  In  an  Indlrldual  challenge  could  be  used  to 
improve  the  reliabill^  of  the  pulse<^ain  correlators  at  the  airplane  by 
increasing  (to  a nuid>er  greater  than  one)  ths  ulnlwni  noobvc  of  dUL^ts  in 
vhioh  asy  tiro  ohallenges  way  differ^  and  thereby  reducing  the  verst  false- 
alarm  probability*  Also  the  uae  of  either  analogue  or  digital  integration 
of  repeated  oheGulsnges*  as  proposed  in  the  preceding  sections*  is  rsdkxadanev 
at  auuuisi.’  leirel* 

Further  Coajteotures  on  Deing  Hoise  es  the 

Ihe  use  of  processed  Qauesian  noise  as  the  challenge  and  reply  signal 
vas  Introdaoed  in  the  prerious  report  as  a proadsing  neans  for  filling  the 
assigned  channel  C4^>aolty«  The  basic  seheae*  considered  is  that  given  by 
ths  block  diagran  bslsw^  vhere  ths  path  including  the  A encoder  represents 
the  groixudf-to-air^-to-ipound  link,  and  the  other  path  a local 
link  at  the  ijxterrogstorvrespQDSor*  The  two  encoders  nust  be  idestl^tl* 
VhUe  they  could  be  either  linear  or  nonlinear,  the  present  discussion  «ill 
be  Halted  to  ths  fcraer* 


Indication  as  to  whether  the  interrogated  plane  is  a friend  or  an 
eneny  is  obtained  troa  the  ccrrelation  coefficient  r Measured  tha 
correlator*  In  the  ideal  nois»>les8  jan-firee  case,  r will  hare  the  defi- 
nite TaluB  of  '«■  1 (mend)*  In  the  presence  of  random  noise  or  other 
interforenoe,  r will  be  aore  accurately  described  by  a probability  density 
p(r)  vhere  the  width  of  the  distribution  viLl  depend  \xpaa.  the  type  and 
intensity  of  the  interference*  Liksvise,  eneay  atteiapts  at  com^nlae 
would  result  in  a second  distributioo  which  would  be  located  near  r 0 if 
the  attenf)t8  were  relatirely  ineffeetire*  These  phenonena  can  be  shown 
gyjqphlcally  as  given  belowi 

D ( r ^ I 
■ ■ > 

IDEAL,  NOISELESS  CASE, 

ENEMY  UNCORRELATED. 


-I 


f 


J 

FOE 

FRIEND 

0 + 

i r 

NOISY  CASE.  ENEMY 
PARTLY  CORRELATED 


* Tbs  reader  is  zeferred  tc  tha  previous  report  for  theoretical  details  of 
the  system  and  descriptions  of  encoders  and  correlator  that  are  being 
considesred* 
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Consider&tiaa  of  th«  losrer  figure  shown  on  the  pcreoeding  page  irill  rereal 
that  the  setting  of  a reliable  threshold^  will  be  difflsult  if  the  distri- 
butions are  broad*  Analogue  or  binary  integration  techniques  ajid  multiple 
intenrogations  osn  be  enployed  to  sharpen  the  peaks  thus  causing  then  to 
approach  nore  closely  the  ideal  distributions  shown  in  the  upper  figure* 
Because  of  the  g«ieral  unavailability  of  a suitable  continuous  storage  de- 
vioe«  prinaxy  attention  is  being  given  to  the  p<^ibility  of  using  binary 
iirtegrsticn  of  th«  type  dlectuie#*^  by 

Tbs  challenge  in  thlsease  would  consist  of  bursts  of  encoded^  xioise^ 
and  a decision  as  to  the  authentioity  of  each  r^ly  would  be  made  on  the 
basis  of  whether  or  not  a threshold  voltage  at  the  oorrelater  output  is 
exseedod.  This  deoislon  is  stored  as  a binary  nu«*>er  in  a cotsit^  urUI 
soaM  large  nusber  m interrogations  have  been  made«  whenoe  the  storage 
derice  is  sai^led*  If  the  nusber  of  positive  decisions  exceeds  a certain 
taaii^T  k the  reply  is  Judged  to  be  flrlendly* 

Pierce  and  Hopper^  hare  described  in  a rocest  paper  a novel  aon-syn> 
ebronous  tine-division  oomsasiloaiicn  system  which  l^ag^porated  two  inx^ 
vatioQs  directly  appUe^le  to  this  scheme  as  reliabili^-is^  ivlng  features* 
Their  scheaie  allows  sn  indefinitely  large  nuidber  of  transxaittere  and 
receivera  to  have  access  to  a channel  of  Halted  bandwidth*  This  is  aocoi>> 
plished  Iqr  not  oKploying  ftnotions  from  a truly  orthogonal  set^  but  functions 
from  an  apT^oximately  orthogonal  set  - such  as  the  noise  bursts  considared 
above* 

The  first  feature  borrowed  from  their  scheme  involves  non-xmiform 
spacing  of  the  noise  bursts  used  as  the  challenges  and  replies*  These 
spaoings  would  be  distributed  randomly  aberot  seas  mean  valpe^  and  the  same 
neon  spacing  woxild  apply  to  all  subecribers  using  the  saae  channel*  The 
result  to  be  e3q>ected  is  a decided  reducticn  in  harmful  ixxberfersnoe  due 
to  overlapping  of  replies  from  several  interrogators  and  planes  using  the 
same  channel^  ^ 

The  second  feature  borrowed  is  the  doublet  ty^  of  signal  eiplcyed  by 
Pierce  and  Hopper  to  Identify  the  called  party  in  their  eyetek*  In  the 
IFF  exerple^  the  spacing  of  the  pulses  in  the  doublet  would  be  used  to 
lU'OTide  an  additional  code*  Thus,  in  addition  to  the  variable  R'5,  L*s, 
and  O'B  involved  in  the  encoders,  the  system  now  allows  u^  of  a variable 
T*  All  four  of  these  parameters  could  be  changed  simultaneously  to  yield 
a code  giving  the  possibility  of  a long  "security-time  -interval"* 


The  encoding  is  accosplished  by  appropriate  shaping  of  the  frequent 
spectrum*  i 
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Coding  Circuitry 

Work  uxider  Item  III  is  concentrated  on  the  design,  oonstruction,  derelop- 
xaent,  and  eralnation  of  a reliable  shift  register  for  use  In  the  encoder  ooair 
poneats  of  the  orersll  IFF  systeau  The  fact  that  several  of  these  are  requlxed, 
and  some  are  Innrolved  in  airborne  equlpiient,  makes  it  necessary  that  weight  bo 
to  c.  rrriTiimrr.,  It  is  desirable  to  consider  the  use  of  transis- 

tors instead  of  racixua  tubes  for  such  devices# 

The  previously  reported  design  and  development  of  a dynamic  storage-cell 
using  either  delay-line  cable  er  two  monestable  transistor  circ\ilts  have  been 
indefinitely  postponed*  Eiphasis  at  present  is  being  placed  on  the  evalu- 
ation of  the  reliability  of  a bistable  transistor  circuit  by  means  of  margi- 
nal checking  teehniqueaf* 

UNCIASSIFIBD 

Bistable  Transistor  Circuit  Reaeageh 

The  first  work  started  under  the  new  problem  of  Item  III,  as  redefined 
at  the  xeqtMst  of  AFCRC,  was  the  reliability  eraluation  of  a transistor  flip- 
flx^  circuit*  having  two  stable,  nonf^turated  states^  Marginal-cbeeklxig 
techniques as  developed  at  the  Digital  Coaputer  Laboratoxy,  H#I.T«, 
are  oonsldezed  presently  as  being  the  best  nethod  to  eaploy  for  reliability 
tests* 

Tbs  method  of  marginal  checking  necessitates  obtaining  conslderabls 
amounts  of  data  to  be  used  for  the  plotting  of  various  types  of  curves*  The 
ehspe  and  area  included  withdn  these  plots,  idiether  closed  or  imclosed,  is 
an  indication  of  the  reliability  of  the  circuit  oonslderlog  the  two  parame- 
ters \ised  as  variables*  F<n:  a symoatrioal  plot,  the  coordinates  designating 
tbs  nominal  value  of  the  paramsters  being  plotted  should  fall  in  the  eexeter 
of  the  enclosed  area  for  optimum  reliabili.^* 

Plots  will  be  made  using  many  conbijoations  of  the  following  items  as 
paraseterst  (1)  all  of  the  bias  voltages  appHed  to  the  circuit,  (2)  aU  of 
the  ooaponszrts  used  in  the  oiroudt,  (3)  various  types  of  transistors  includ- 
ing different  transistors  of  the  same  type,  (U)  input  pulse-repetitlcn 
fre^noy,  and  (5)  amplitude  and  width  of  ii^ut  pulse*  Typical  ef  euoh 
plots  would  be  ooUector  resistaxwe  vs.  collator  voltage,  and  collector 
voltage  vs*  base  resistance*  Considezing  the  some  two  parameters  as  vari- 
ables, other  plots  can  be  made  as  foUowss  (1)  all  other  parameters  at 
nominal  values,  (2)  one  or  more  of  the  other  parameters  offset  from  this 
nominal  value  by  a specified  percentage,  and  (3)  the  other  parameters  offset 
from  their  normal  values  ty  amounts  considered  to  create  the  "worst"  possible 
eoibinatlon  of  parameters*  It  is  expected  that  the  acoooplishment  of  the 
above  will  provide  the  necessaxy  infermation  for  determining  the  design 
center  and  nominal  values  of  oonpoxMnts  to  bo  used,  ae  well  as  an  evaluation 
of  reliability  of  the  circuit. 

AU  tests  made  duriig  this  past  report  period  were  used  to  determlzM 
the  feasibility  of  obtaining  data  for  use  in  carrying  out  the  marginal- 
checking  procedure*  In  no  case  has  asy  attesp't  as  yet  been  made  to 

* This  circuit  ^ was  designed  by  A*  W*  Carlson  of  IFCRG* 
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either  the  ebepee  of  the  pXots  or  the  reeeon*  for  failure  of  the  oironit* 
Explanations  will  be  includad  as  nore  cos^lste  and  aoourate  data  are  taken* 

Soane  of  the  results  of  these  testa  as  shown  in  Figs*  10^  11,  12  and  13 
of  the  App^miix,  indicate  that  data  taking  for  the  aarginal-checklng  zaethod 
of  detendning  reliabilitgr  siKmld  not  be  difficult*  These  preliidnazy 
teste  also  afforded  an  opportunity  to  develop  experiaental  teehnicpies  fer 
obtainins  good  data*  It  was  found  that  aoeurnte  hlgb-iwiedanea  ▼eTteataTw 
(greats  than  20,000  ofasis  per  rolt  «id  1 percent  accuracy)  ware  sscessai^ 
to  obtain  reliabla  readings*  A Wheatstone  Bridge  was  set  vp  for  aaklng  all 
realsianoe  BMasurenents* 

In  the  prelijdnaxy  tests,  on}y  two  Traxislstor  Froduots  Type  20  trao- 
sistors  wexw  used*  These  are  labelled  as  nuai>«r8  20-207  and  20-2)45  for  ewr 
own  idantifioation  qrsteiu  These  two  transistors  wexvi  clwwen  prlMrlly 
because  they  have  a cutoff  frequency  greater  than  5 nc,  an  alpha  of  greater 
than  2*5,  anda  rise  tijee  of  less  than  0*1  ps* 

k olrouit  diagran  of  the  transistor  flip-flop  used  is  shown  in  Fig*  ll;* 
All  noninal  values  of  cospofnents  and  voltages  are  shown  on  the  diagraau  In 
all  tests  perforaad  a pulse  repetition  rate  of  1 ns  aaA  a pulse  width  of 
0*1  ps  at  the  base  wsxe  used* 

Figures  10  and  U show  pints  of  7qq  ts*  Rb  and  vs*  Rq  for  a nega- 
tive pulse  of  12*5  volts  aoplituds  and  all  other  parameters  at  their 
nominal  values*  Figure  12  shews  the  plot  of  Vqq  vs*  Rb  fo3^  e negative 
pulse  of  8*5  volts  asplitude  and  Rq  * 2JtK,  and  Fig*  13  shows  the  plot  of 
Veo  TB.  Be  for  a negative  pulse  of  8*5  volts  asplitude*  In  all  the  eassc 
tested  to  the  present,  there  have  been  two  readings  for  both  the  ippsr  and 
lower  failure  llsdts  of  Vqq'*  That  is,  for  a given  Rb  (or  Rq)  one  tpper 
failure  lisrtt  is  obtained  for  Tqq  by  varying  7^  frem  the  operative  to  the 
non-operative  region  and  another  limit  l:y  vazying  tha  non-operative 

to  the  operative  region*  A sisdlar  oondition  exists  when  obtaining  the 
loser  failure  Unit  for  Yqo*  In  all  plots,  the  lisdts  <^tained  for  7ge 

were  obtained  by  vazying  Tec  zton-operative  to  the  operative  ngim* 

This  oondition  gives  the  smaller  enoloeed  area  of  the  two,  or  the  maxiwnm 
S2T££  *^**?;t-  can  bs  censidsred  te  ra**.  rsliabl*  operation* 


Transistor  Testing 

During  this  report  peziod  the  transistor-testing  program  besn  ooo- 
tlnued  to  provide  data  for  transistor  circuitry  work  done  at  Hortheastezn 
and  AFGEIC* 

A total  of  Western  Electric  Type  16?8  transistors  were  tested  for 
AFGRC*  Their  parametere  were  in  good  agreement  with  average  values  for  this 
type  given  in  previous  reports**  The  transistors  were  tested  for  tha  small- 
signal  parameters  rj.x«  ^ai>  ehd  r2a|  and  « -cutoff*  Large-signal 
testing  has  been  made  to  determine  the  rise  time  and  fall  time*  The  measure- 
ment of  hole  storage  tine  has  not  been  mads  durizig  this  report  period  because 
of  apparent  changes  produced  in  the  snall-aignal  paramsters  ty  this  test* 

* See  Quarter3y  Progrees  Reports  No*  5 p.  33  and  No*  6 p,  28* 
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To  facilitate  checking  of  trancistora  azxi  to  obtain  a permanent  record 
of  the  aioall-aignal  paraaetora,  a Dunn  Engineering  Model  3C  Transietor 
Characteristic  Plottw  and  a DuMont  Polaroid  Land  Camera  Type  297  hare  bean 
ordered*  The  DuMont  canera  has  been  received  and  the  Characteristic  Platter 
is  due  in  the  ixnraediate  future* 

At  the  reooioaoDdatiaai  of  IFCRC,  equioji^rt  ts  being  set  ’.5)  to  tihaw  plots 
of  or  re*  frequency  on  an  osclllose<^  screen*  A block  diagram  of  the  set* 
up  la  shown  in  Fig*  l5*  It  will  be  possible  to  use  the  DuMont  Polaaroid  Land 
CajQsra  to  obtain  a picture  showing  alpha  and  the  frequency  response  of  the 
translater* 


Evaloatlca  of  Transistor  Products  Transtester 

Daring  this  report  period^  tbs  reliabilUgr  of  the  Transistor  Products 
Transtester  was  checked  by  making  dsy-to-day  nsasureaents  on  a grsw^  of 
transistors*  The  questioning  of  the  trustworthiness  of  the  tester  arose 
from  the  fact  that  the  values  of  the  small-signal  parameters  for  a trszv* 
sister  tested  at  Koirtheastezn  varied  considerably  from  the  small-signal 
parameter  valuss  obtained  for  the  sama  transistor  when  measured  at  AFGEC* 


All  transistors  were  tested  for  frequency  cutoff  previous  to  being 
tested  on  the  Transtester*  The  transistors  were  divided  into  two  grcnqpst 
Qrotp  1 had  frequency  cutoffs  of  less  than  3 ms^  and  Qroxp  XI  had  fre- 
qpen^  cutoffs  greater  than  3 mo*  All  transistors  used  in  this  test  were 
cbecksd  for  the  values  of  the  small-signal  parameters  at,  rxi#  Txg,  rax> 
and  Tea  at  various  coUeotor  axid  emitter  biases*  The  various  blasM  were 
used  to  sec  if  reliability  was  a function  of  the  bias  value* 


For  Qroi^  I the  calculated  alpha 


and  measured  alpha  were  found  to 
faa 


be  within  10  percent  of  each  other*  The  average  values  of  all  tha  parame- 
ters varied  only  a small  percentage  from  day  to  day  (less  than  10  percent)* 
The  manufacturer's  recomtaended  test  points  were  found  to  be  the  optimum 
bias  points  for  these  tests* 


For  Qroup  II,  the  msasured  and  calculated  values  of  alpha  were  within 
10  peraent  of  mach  other*  Tbs  average  Talues  of  the  tested  parameters 
vazy  oonsiderahly  from  day  to  day  for  some  of  these  transistors*  7ari- 
ations  of  10  to  50  percent  were  ooitmoii*  The  parazaeters  of  those  transis- 
tors having  the  highest  values  of  frequenej  eut-eff  azhihited  the  largest 
day-to-day  pexcentage  variations* 


It  is  probably  saife  to  eoncluda  that  all  tTsssistoxv  with  a frequency 
cutoff  less  than  3 neps  will  have  practically  the  same  measured  parameter 
values  from  day  to  day*  Slight  variation  can  be  attributed  to  either  ths 
physics  of  the  sendcoaduotcr  or  to  drift  in  the  calibration  of  ths  trans- 
tester* Ko  definite  conclusions  con  be  drawn  to  cover  the  results  dbtaisted 
for  traxuiistors  in  Qrovp  II*  It  was  iapossibls  to  test  some  of  the  tran- 
sistors in  Grovp  II  because  of  their  tttidency  to  oscillate  while  in  the 
tester*  Although  the  tendency  to  oscillate  was  to  be  a function  of 

the  emitter  and  collector  biases^  as  well  as  the  cutoff  frequency^  it  was 
not  possible  to  predict  the  test  bias  settings  at  which  a partisuiatr  traxv* 
slstor  would  oscillate  the  following  day* 
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«•  Apparatua  and  EquAproent 


Mook~tg)  Qygtan 

Tba  test  setup  i^oh  «11L  be  used  to  sisulats  tlie  alx^to-grouod  link  of 
IFF  unH^r  mhrnm  in  1*  r>f  t->r»  e^jtdp- 

SiSxit  iuiCi icatod  in  tbe  blnck  d^s^^Swii  is  wivai  Isbl  a osr  lasdcr  cocstrastiea# 

The  signal  gensrator  and  Janndng-pulse  gensraber  were  ccmstrusted  seas 
tiJK  ago  and  are  diaeasssd  in  earlier  reports*  The  latter  prodused  p«riodifi 
ou^ut  pulses  and  will  be  replaoed  by  a new  aodel  which  is  under  developwsnt 
and  will  provide  randomly-spaced  output  pulses*  Two  indentlcal  pulse  modh>- 
latons  ha^  been  constructed  for  use  as  signal-pulse  and  jamaing-pulse  nodxe 
labors*  ComBeroial  noise  generators  ore  available  for  use  as  Icw-frequendy 
and  higb-frequenor  noise  sources,  k proto'type  matched  filter  for  i-f 
pulses  has  been  constructed  and  will  undergo  testing  and  aodlficatioii  in  the 
near  future*  The  pulse-train  correlator  has  been  ooaplsted  and  is  unds^> 
going  trouble-shooting  at  the  present  tlae*  A modulator  for  use  with  Urn 
1 owt-fjrequeix^  noise  source  is  in  the  plazming  stage. 

Randroa-Pulse  Oeoerator*  A pulse  generator  is  under  development  which 
is  to  produce  raiulonly-spaced  oonstant-esplltude  pulses  to  admulate  t.trta 
type  of  Jamming*  The  generator  will  employ  a noise  souioe  whose  output 
will  be  filtered^  olipped^  and  differentiated*  The  resulting  randomly^ 
spaced  spikes  will  b e used  to  trigger  a blocking  oscillator  or  similar 
one-shot  device* 


A new  pulse  modulator  was  built  during  this  report  period*  The  pulse 
modulator  described  in  the  previous  report  had  some  carrier  feed-Uirou^ 
that  prevented  100-peroent  aodulatlan*  This  feed-through  seemed  Inherent 
to  the  particular  design*  hsnoe  a different  approach  was  triad* 


The  new  modulstar  (see  Fig*  16}  consists  of  a phase-inverter*  a ringing 
circuit*  and  a driver  tube*  The  hlgh-Q  tank  circuit  is  normally  loaded  down 
due  to  ttd)e  ?2  conducting  heavily*  A negative  pulse  from  the  phase  Invezter 
outs  off  T2  and  causes  tte  high-Q  tank  circuit  to  ring*  The  driver  tube  ¥« 
is  a cathode  follower  with  a Icw-Q  tank  circuit  for  its  cathode  impedance*' 
Over  a limited  frequency  range  this  type  of  driver  circuit  can  tolerate  a 
moderate  amount  of  oapaoitstive  loading  einee  the  shunting  capacity  o«i  be 
mads  a part  of  ths  Icir^  tank  circuit*  The  output  waveform  was  observed  by 
going  directly  to  the  plates  of  a Tektronix  Type  5lU0  osciUoseope*  For  a 
video  pulse  iiq>ut  having  a strength  of  20  volts  and  a rise  time  of  *01  ps* 
the  r-f  pulse  output  is  greater  than  10  volts  peak-to-peak  with  an  envelops 
rise  time  that  is  less  than  0*1  ym*  Two  of  those  modulators  have  been 
built*  one  to  be  used  as  the  pulse-train  modulator*  the  other  to  be  wed  as 
ths  Jamniivg-pulse  modulator  in  the  proposed  mooki^  system* 


^Ityring*  A prototype  ie,tohed  filter  for  i/-f  pulses  has  been  oon- 
struoied  in  a^ordanee  with  the  theory  developed  in  the  previcus  progress 
report*  The  filter*  Fig*  17*  consists  of  a delay^line  driver  and  att^tu- 
ation  compensator*  7x  and  ¥3}  a higb-Q  tank  circuit*  73}  and  anplifler*  7^* 
The  operation  of  the  various  stages  can  best  he  described  in  terme  of  their 
ispulro  responses* 


I 
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A unit  inpulse  appearing  at  the  input  is  applied  to  an  open-oirouited 
delay  line  via  the  lov-icpedance  drlTer>  The  delay  line  consists  of  a 
length  of  RG62/D  cable  which  produces  a round-trip  delay  of  0*6  ps»  The 
incident  and  reflected  ijapulses  are  applied  to  the  gprid  of  T^o  Sue  to  the 
attesuation'of  the  delay  line^  the  incident  ini|>ulse  is  the  larger  and  oon^ 
sequently  the  phase  inverter^  V2«  and  its  associated  adding  circuit  are 
used  to  reduce  the  incident  ispulee  to  the  ssmi  amlltude  nm  the  reflected 
isfmlse*  Thus  two  equal  iapulMS*  separated  by  0*6  |as.  are  Milled  to  73* 
The  first  ixpulse  shocks  the  higb-Q  tank  circuit  into  osclllaticn*  If  the 
natural  frequency  of  the  tank  circuit  is  properly  chosen^  the  second 
iaqpulse  will  reduce  the  anplittde  of  the  osoiUaticn  to  aero*  The  final 
stage^  serves  as  a broad-band  anplifier  (the  indxictanee  in  the  plate 
circuit  is  resonated  against  the  sluray  capacity  of  the  outpot  circuit)* 

At  present f the  filter  works  qxialitatively  bxit  not  quantitatively* 
Further  work  waits  the  construction  of  a high-ispedanca^  low-oapaoity 
probe*  At  present  there  appears  to  be  aosoe  phase  shift  in  the  phase  ixH 
verteTj  V2*  Refineoent  of  the  weighting  networks  sjqployed  in  the  adding 
circuit  is  necessary*  Also  the  Q of  the  tank  circuit,  V3,  aust  be 
ixsereased* 

Pulse-ft'ain  Cyrelator*  Two  ioa;)or  nodlficatlQns  were  Incorporated 
in  the  oorrelaibor  in  t)ds  r^>ort  period*  It  was  observed  that  appreolabla 
anounts  of  signal  were  feeding  the  ■axljnun  and  w^n^nBTl^  busses  into 
the  adding-bus  via  the  diodes  and  lO-E  Isolating  resistors  at  those  switch 
tendnals  which  were  not  at  the  tine  oonneoted  to  the  cathode  followers 
and  which,  therefore,  were  at  a high  ispedanee  to  ground*  To  remove  this 
effeot  it  was  neoessaxy  to  replace  the  two-gang  switches  by  four-gwg 
switches,  thus  aohisving  the  necessary  isolation  at  the  "'open"  switch 
tendnalw* 

The  other  change  consisted  In  replacing  the  "A"  and  "B"  direot- 
ooupled  aspliflers  by  cathode  foUoweri^ which  are  ooipled  to  the  adding- 
bus  by  resistors  so  chosen  as  to  give  the  proper  proportions  of  "A",  "B", 
and  addition  voltages*  This  nodlfioatian  nooessarily  lowered  the  signal 
level  in  the  adding-biis,  wherefore  a single  two-stage  d-c  ^as 

provided  between  it  and  the  threshold  diode*  For  greater  sl^llKy  this 
agrliflsr  Was  ciBslgnsd  with  balanced  gain-stages,  which  are  follow^  by 
a single-ended  cathode  follower  output* 

The  coB*slBt-e*  aodifisd  circuit  of  the  correlator  is  shown  In  Figs* 

IB  and  19* 

It  recently  has  become  apparent  that  the  pulses.  In  passing  down  the 
delay-line,  are  changed  from  a rectangular  to  a triangular  shape,  and  that 
it  is  this  change  of  pulse-shape  that  stands  in  the  way  of  proper  addition 
and  oanoellation  in  the  adding^bus*  For  the  near  future,  thsirefore,  a 
program  of  pul  ie-  sbipiA  matching  Is  anticipated*  It  is  hoped  that  this  can 
be  accospllshed  to  a sufficient  extent  by  tbd  introduction  of  single- 
section,  low-pass  R^  fllten  in  the  grid  circuits  of  the  phase-inverter 
stages* 
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Coding  Cirottibxy 

A transistorised  oiroxdt  with  two  stable^  nen-saturated 

states  has  bean  oanstruoted  and  used  for  all  tests  perforaed  tmder 
Item  HI*  A soheaatie  diacran  of  the  olrouit  is  shown  in  Fig.  Zh  of 
the  Appendix. 

A battaxy  poirar  pack  was  built  to  facilitate  taking  ioarginal-cheek» 
ing  data.  Tbs  pack  sxqppUes  Toltages  fron  -67.5  Tolts  to  67.5  volts 
In  volt  steps.  A lOO-ohm  potentiosBtar  is  used  as  a divider  between 
the  1!%^  volt  steps  to  get  exact  voltage  neasureasnts. 
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g.  ConclxMlons  and  Becoanendations 

As  a result  of  the  work  of  this  report  period  it  is  ocncluded  thatt 

1.  The  signal»pulse  and  ianadng-pulse  jaodulators  are  satisfactory  for 
use  in  the  Qook>>u^  eysteit. 

2.  The  Hatched  filter  for  i-f  pulses  shows  proaisc  of  success  since 
all  oonponent  oirouits  operate  qtialitatively. 

3.  The  pulse-train  correlator  shows  proisi^  of  suxxsess,  in  that  all 
cocponent  circuits  operate  satisfactorily,  and  sons  result  of  overall  per- 
f omssse  have  been  cbtRinsd. 

U*  The  multiple-ohallenge  system  described  herein  oen  be  exjMMted  to 
possess  good  system  reliebili^  despite  ruidom  or  pluaniid  interf^^eneec 

$0  The  quantitative  analyses  of  the  performanoe  of  the  pul^i-'^rASn 
oorrelatlon  systeiSB  as  begun  herein  providee  ueeful  background  Infcrmatioa 
fOT  future  more-sophistijcated  treatsents  ef  the  general  problems  involved 
in  the  speelfloatlons  and  adjustments  of  such  systems. 

6r.  The  inclusion  of  binary  integration,  rendom  spacing  of  the  noise 
bursts,  and  the  cexxMpt  of  tlw  doublet  type  of  digit  a^iol,  in  the  oon- 
sideration  of  an  IFF  system  using  zacdae  as  the  signal  should  result  in 
increased  reliability  fer  that  type  of  systesl. 

7.  The  marginal-cbecking  F^ithod  for  the  evaloaticcx  of  the  reliability 
of  transistor  circuits  can  be  used  successfully. 
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8*  The  Txansistor  Produote  ^anetester  cqperatee  satisfaotorjjy  for 
alX  transiatorc  hariiig  a fTequexxsy  cutoff  lass  than  3 mb* 

9*  The  alpha,  rsc  freqtMooy'  plotter  faoilltatee  the  oaasioraneist  af 
fireq;uano3r  cutoff  for  translstoirs*  It  is  recosnsndad  that  work  be  oox>- 
tinned  to  tn|>rove  and  extend  the  orerall  frequency  response  of  the  system* 


h*  Future  Work 

In  visv  of  the  work  of  this  and  previous  report  periods*  and  the 
above  ccncluslMis  and  recamaendstions*  it  is  intended  that  future  vaSk 
includet 

1*  The  e<»istmotiOQ  and  tasting  of  the  units  of  the  nook-tip  system 
not  as  yet  vorkad  on,  and  the  eventu^  assesbly  and  use  of  the  entire 
systaido 

2*  The  construction  of  a noise  modulator  for  use  with  the  nock-up 
system  to  simulate  noise  jaiaalng* 

y*  Conplstion  of  the  development  and  constmotion  of  the  random- 
pulse  generator* 

U«  The  xaodifiBation  of  the  natched  filter  so  that  nore  accurate  per- 
f omanee  nay  be  obtained* 

^’*  The  remodeling  of  the  pulse-train  oozTelator  into  its  final  fern* 
and  the  testing  of  the  unit*  This  will  Include  determining  its  response 
to  any  or  all  of  the  following  ixqnxtsi 

!i)  The  "coxract"  signal* 

11}  Any  *^iiK:orreot"  signal  (i*e*  pulse  Jam)* 
ill)  Noise  Jam* 

An  elaboration  and  more  detailed  analysis  of  the  Hultlple-ohallsnge 
system^  special  attention  being  devoted  to  (1)  the  effeot  of  random  zs>ise* 
and  (2)  the  problem  of  c<»d}inl^  several  fo\o^>  to  six-place  oArrelstcrs  so 
as  to  be  able  to  handle  long  challenges  without  using  impractically  large 
and  eonplex  equipment* 

7*  The  conttauation  of  the  q^iantltative  analyses  of  the  perfermanoe  of 
p\ilse-iraln  oorrelatlon  eystens  to  cover  sohemes  of  greater  practicality* 
this  would  result  in  setting  speoiflcations  covering  the  design  and  adjtsi^ 
ment  of  qptinom  forms  of  such  systexMi*  New  prooedures  to  be  stiidied  would 
include  the  uee  of  the  betting-curve  tyi  of  analysis  in  determining 
criteria  for  the  setting  of  thresholds* 

8*  Continued  stxidy  of  the  use  of  noise  as  the  challenge  and  reply 
signals  in  an  IFF  system  alcog  the  lines  indicated  in  this  and  the  prerloue 
report* 
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9*  Tbt  contimuKtlon  of  the  study  of  fflargisalf-checlcing  procedures  as 
tilled  to  the  evaluatioa  of  rellabilll^  of  trsxwlstor  olrouits* 

10*  The  continuation  of  the  traxislirtor-testlng  program  in  its  present 
form  to  proride  data  for  use  in  the  design  sod  evaluation  of  transistor 
circuital* 
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FIG.  I.  BLOCK  DIAGRAM  OF  PROPOSED  TEST  SET-UP 
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FIG. 15.  BLOCK  DIAGRAM  OF  TRANSISTOR  ALPHA  FREQUENCY  CUT-OFF  PLOTTER  . 
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NOTE:  ALL  RESISTANCE  VALUE’.S  IN  K A AND  ALL  CAPACITANCE  VALUES  IN  ^ jjf  UNLESS  OTHERWIS E SPECIFIED 

FIG,  18.  REVISED  SCHEMATIC  OF  PULSE-TRAIN  CORRELATOR  (FIRST  HALF). 
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REVISED  SCHEMATIC  OF  PULSE-TRAIN  CORRELATOR  (SECOND  HALF). 
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